ITWO:0021 

13223 


ALARM AND INDICATION SYSTEM FOR AN 
ON-SITE INDUCTION HEATING SYSTEM 


By: 

Paul D. Verhagen 


NUMBER: 

DATE OF DEPOSIT: 


EXPRESS MAIL MAILING LABEL 

EK 229 729 595 US . . , 


November 26,2001* 


*K 


Pursuant to 37 C.F.R. MflSjd hereby^certify that j Mwt sohailv.detjjBittoXtiis 'eaferm 
or fee with the U.S. Postal Service, >“Express MailPoswmce to;AddrSssee" seryi&^nM:,. 
the date indicated above: in a sealed envelop (a) havinMhe above-numbered E &n&smj 
Mail label and sufficient postage affixed, tmd (b) addressed to thPAsfistant y 
Commissioner for Patents, Washington, D.C. 2023. 




ITWO:0021 
13223 

ALARM AND INDICATION SYSTEM FOR AN ON-SITE 
INDUCTION HEATING SYSTEM 

FIELD OF THE INVENTION 

5 The present invention relates generally to induction heating, and particularly to an 

on-site induction heating system. 

BACKGROUND OF THE INVENTION 

Induction heating is a method of heating a workpiece. Induction heating involves 
10 applying an AC electric signal to a conductor adapted to produce a magnetic field, such as a 
loop or coil. The alternating current in the conductor produces a varying magnetic flux. 

The conductor is placed near a metallic object to be heated so that the magnetic field passes 
through the object. Electrical currents are induced in the metal by the magnetic flux. The 
metal is heated by the flow of electricity induced in the metal by the magnetic field. 

15 

Most previous induction heating systems have been large, fixed systems that are 
located in a foundry or other manufacturing facility. These induction heating systems may 
be used as part of a mass-production process. As such, dedicated operators may be available 
to operate and monitor these systems on a continuous basis. On the other hand, portable 
20 induction heating systems may be used in remote locations and may not have an operator 
present to monitor the operation of the system on a continuous basis. 

There is a need for an induction heating system that may be used in remote locations 
and which responds automatically to protect the system when error conditions are detected 
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by the system. Additionally, there is a need for an induction heating system that provides an 
alarm and/or indications to indicate the presence of an error condition. 

SUMMARY OF THE INVENTION 

5 The present technique provides novel inductive heating components, systems, and 

methods designed to respond to such needs. According to one aspect of the present 
technique, an induction heating system is provided that comprises a power source, a fluid 
cooling unit, an induction heating device, a controller, and a flow switch. The induction 
heating device is electrically coupled to the power source. In addition, the fluid cooling unit 
10 provides a flow of cooling fluid to the induction heating device. The controller controls the 
operation of the power source. The flow switch is electrically coupled to the controller and 
senses the flow of cooling fluid. The controller prevents the power source from supplying 
power to the induction heating device when the flow of cooling fluid through the flow 
switch is below a predefined amount. 

15 

According to another aspect of the present technique, a controller having a control 
circuit and a flow switch is featured. The control circuit is coupled to the power source. 

The flow switch is electrically coupled to the control circuit and is operable to sense the 
flow of cooling fluid. The control circuit prevents the power source from supplying power 
20 to the induction heating device when the flow of cooling fluid through the flow switch is 
below a predefined amount. 
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According to another aspect of the present technique, a portable induction heating 
system is featured that has a power source, an induction heating device that is electrically 
coupled to the power source, and a fluid cooling unit to provide a flow of cooling fluid to 
the induction heating device. The system also has a system controller that controls 
5 operation of the power source and has an alarm system. The alarm system has an 

indicator to provide an indication when a fault condition exists in the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will hereafter be described with reference to the accompanying 
10 drawings, wherein like reference numerals denote like elements, and: 

Fig. 1 is an induction heating system, according to an exemplary embodiment of 
the present technique; 

Fig. 2 is a diagram of the process of inducing heat in a workpiece using an 
induction heating system, according to an exemplary embodiment of the present 
15 technique; 

Fig. 3 is an electrical schematic diagram of an induction heating system, 
according to an exemplary embodiment of the present technique; 

Fig. 4 is a schematic diagram of a system for inductively heating a workpiece, 
according to an exemplary embodiment of the present technique; 

20 Fig. 5 is an elevational drawing illustrating the front and the rear of an induction 

heating system, according to an exemplary embodiment of the present technique; 

Fig. 6 is an electrical schematic of a controller, according to an exemplary 
embodiment of the present technique; 
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Fig. 7 is a front elevational view of a controller, according to an exemplary 
embodiment of the present technique; 

Fig. 8 is a front elevational view of a power source, according to an exemplary 
embodiment of the present technique; and 

5 Fig. 9 is an induction heating system having an audible alarm and an electronic 

communication system, according to an exemplary embodiment of the present technique. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring generally to Figs 1-5, an induction heating system 50 for applying heat to 
a workpiece 52 is illustrated. In the illustrated embodiment, the workpiece 52 is a circular 
pipe. However, the workpiece 52 may have a myriad of shapes and compositions. As best 
illustrated in Fig. 1, the induction heating system 50 comprises a power system 54, a flexible 
fluid-cooled induction heating cable 56, an insulation blanket 58, at least one temperature 
feedback device 60, and an extension cable 62. The extension cable 62 is used to extend the 
effective distance of the fluid-cooled induction heating cable 56 from the power system 54. 
The power system 54 produces a flow of AC current through the extension cable 62 and 
fluid-cooled induction heating cable 56. Additionally, the power system provides a flow of 
cooling fluid through the extension cable 62 and fluid-cooled induction heating cable 56. In 
Fig. 1, the fluid-cooled induction heating cable 56 has been wrapped around the workpiece 
52 several times to form a series of loops. 

As best illustrated in Fig. 2, the AC current 64 flowing through the fluid-cooled 
induction heating cable 56 produces a magnetic field 66. The magnetic field 66, in turn, 
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induces a flow of current 68 in the workpiece 52. The induced current 68 produces heat 
in the workpiece 52. Referring again to Fig. 1, the insulation blanket 58 forms a barrier 
to reduce the loss of heat from the workpiece 52 and to protect the fluiu-cooled induction 
heating cable 56 from heat damage. The fluid flowing through the fluid-cooled induction 
heating cable 56 also acts to protect the fluid-cooled induction heating cable 56 from heat 
damage due to the temperature of the workpiece 52 and electrical current flowing through 
the fluid-cooled induction heating cable. The temperature feedback device 60 provides 
the power system 54 with temperature information from the workpiece 52. 

Referring again to Fig. 1, in the illustrated embodiment, the power system 54 
comprises a power source 70, a controller 72, and a cooling unit 74. The power source 
70 produces the AC current that flows through the fluid-cooled induction heating cable 
56. In the illustrated embodiment, the controller 72 controls the operation of the power 
source 70 in response to programming instructions and the workpiece temperature 
information received from the temperature feedback device 60. The cooling unit 74 is 
operable to provide a flow of cooling fluid through the fluid-cooled induction heating 
cable 56 to remove heat from the fluid-cooled induction heating cable 56. 

Referring generally to Fig. 3, an electrical schematic of a portion of the system 50 
is illustrated. In the illustrated embodiment, 460 Volt, 3-phase AC input power is 
coupled to the power source 70. A rectifier 76 is used to convert the AC power into DC 
power. A filter 78 is used to condition the rectified DC power signals. A first inverter 
circuit 80 is used to invert the DC power into desired AC output power. In the illustrated 
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embodiment, the first inverter circuit 80 comprises a plurality of electronic switches 82, 
such as IGBTs. Additionally, in the illustrated embodiment, a controller board 84 housed 
within the power source 70 controls the electronic switches 82. A controller board 86 
within the controller 72 in turn, provides signals to control the controller board 84 in the 
5 power source 70. 
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A step-down transformer 88 is used to couple the AC output from the first 
inverter circuit 80 to a second rectifier circuit 90, where the AC is converted again to DC. 
In the illustrated embodiment, the DC output from the second rectifier 90 is, 
approximately, 600 Volts and 50 Amps. An inductor 92 is used to smooth the rectified 
DC output from the second rectifier 90. The output of the second rectifier 90 is coupled 
to a second inverter circuit 94. The second inverter circuit 94 steers the DC output 
current into high-frequency AC signals. A capacitor 96 is coupled in parallel with the 
fluid-cooled induction heating cable 56 across the output of the second inverter circuit 94. 
The fluid-cooled induction heating cable 56, represented schematically as an inductor 98, 
and capacitor 96 form a resonant tank circuit. The capacitance and inductance of the 
resonant tank circuit establishes the frequency of the AC current flowing through the 
fluid-cooled induction heating cable 56. The inductance of the fluid-cooled induction 
heating cable 56 is influenced by the number of turns of the heating cable 56 around the 
workpiece 52. The current flowing through the fluid-cooled induction heating cable 56 
produces a magnetic field that induces current flow, and thus heat, in the workpiece 52. 
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Referring generally to Fig. 4, an electrical and fluid schematic of the induction 
heating system 50 is illustrated. In the illustrated embodiment, 460 Volt, 3-phase AC 
input power is supplied to the power source 70 and to a step-down transformer 100. In 
the illustrated embodiment, the step-down transformer 100 produces a 115 Volt output 
applied to the fluid cooling unit 74 and to the controller 72. The step-down transformer 
100 may be housed separately or within one of the other components of the system 50, 
such as the fluid cooling unit 74. A control cable 102 is used to electrically couple the 
controller 72 and the power source 70. As discussed above, the power source 70 
provides a high-frequency AC power output, such as radio frequency AC signals, to the 
heating cable 56. 


In the illustrated embodiment, cooling fluid 104 from the cooling unit 74 flows to 
an output block 106. The cooling fluid 104 may be water, anti-freeze, etc. Additionally, 
the cooling fluid 104 may be provided with an anti-fungal or anti-bacterial solution. In 
the illustrated embodiment, cooling fluid 104 flows from the output block 106 to the 
fluid-cooled induction heating cable 56 along a supply path 110 through the output cable 
108 and the extension cable 62. The cooling fluid 104 returns to the output block 106 
from the fluid-cooled induction heating cable 56 along a return path 112 through the 
extension cable 62 and the output cable 108. AC electric current 64 also flows along the 
supply and return paths. The AC electric current 64 produces a magnetic field that 
induces current, and thus heat, in the workpiece 52. Heat in the heating cable 56, 
produced either from the workpiece 52 or by the AC electrical current flowing through 
conductors in the heating cable 56, is carried away from the heating cable 56 by the 
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cooling fluid 104. Additionally, the insulation blanket 58 forms a barrier to reduce the 
transfer of heat from the workpiece 52 to the heating cable 56. 

Referring generally to Figs. 1 and 4, the fluid-cooled induction heating cable 56 
5 has a connector assembly 114 in the illustrated embodiment. Additionally, the extension 
cable 62 also has a pair of connector assemblies 114. Each connector assembly 114 is 
adapted for mating engagement with another connector assembly 114. In the illustrated 

embodiment, each connector assembly separately couples electricity and cooling fluid. 

o 

J’g The connector assemblies are electrically coupled by connecting an electrical connector 

Fs 

=,y 10 118 in one connector assembly 114 with an electrical connector 118 in a second 

! = connector assembly 114. Each of the connector assemblies 114 also has a hydraulic 

3J 2 

[lies, 

y 3 fitting 122. The connector assemblies 114 are fluidicly coupled by routing a jumper 124 

s! 

! _j_ from the hydraulic fitting 122 in one connector assembly 114 to the hydraulic fitting 122 

v— 

f : fj 

=r= in a second connector assembly 114. Electrical current 64 flows through the electrical 

U 15 connectors 118 and fluid 104 flows through the hydraulic fittings 122 and jumper 124. In 

the illustrated embodiment, cooling fluid 104 from the heating cable 56 is then coupled to 
the controller 72. Cooling fluid flows from the controller 72 back to the cooling unit 74. 
The cooling unit 74 removes heat in the cooling fluid 104 from the heating cable 56. The 
cooled cooling fluid 104 is then supplied again to the heating cable 56. 

20 

Fig. 5 illustrates front and rear views of a power system 54. In the illustrated 
embodiment, the front side 126 of the power system 54 is shown on the left and the rear 
side 128 of the power system 54 is shown on the right. A first hose 130 is used to route 
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fluid 104 from the front of the cooler 74 to a first terminal 132 of the output block 106 on 
the rear of the power source 70. The first terminal 132 is fluidicly coupled to a second 
terminal 134 of the output block 106. The output cable 108 is connected to the second 
terminal 134 and a third terminal 136. The second and third terminals are operable to 
couple both cooling fluid and electric current to the output cable 108. Supply fluid flows 
to the heating cable 56 through the second terminal 134 and returns from the heating 
cable 56 through the third terminal 136. The third terminal 136 is, in turn, fluidicly 
coupled to a fourth terminal 138. A second hose 140 is connected between the fourth 
terminal 138 and the controller 72. A third hose 142 is connected between the controller 
72 and the cooling unit 74 to return the cooling fluid to the cooling unit 74, so that heat 
may be removed. An electrical jumper cable 144 is used to route 460 Volt, 3-phase 
power to the power source 70. Various electrical cables 146 are provided to couple 115 
Volt power from the step-down transformer 100 to the controller 72 and the cooling unit 
74. 


Referring generally to Figs. 6, 7 and 8, the controller 72 has control circuitry 86 
that enables the system 50 to receive programming instructions and control the operation 
of the power source 70 in response to the programming instructions and data received 
from the power source 70 and temperature feedback device 60. In the illustrated 
embodiment, the control circuitry 86 comprises a control unit 252, an I/O unit 254, a 
parameter display 256, and a plurality of electrical switches. Connection jacks 258 are 
provided to enable the temperature feedback device 60 to be electrically coupled to the 
controller 72 and to a data recorder 260. At least one temperature feedback device 60 is 
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coupled through the jacks 258 to the control unit 252 via a pair of conductors 261 so as to 
provide a DC voltage representative of temperature to the control unit 252. Additional 
jacks 258 are provided to enable a plurality of temperature feedback devices to be 
coupled to the data recorder 260. The data recorder 260 may be adapted to record 
5 operating parameters, as well. Preferably, the data recorder 260 is a digital device 

operable to store and transmit data electronically. Alternatively, the controller 72 may 
have a paper recorder, or no recorder at all. 

The control unit 252 is operable to receive programming instructions to direct the 
10 system 50 to produce a desired temperature profile in a workpiece 52. During operation, 
the control unit 252 receives temperature data from a temperature feedback device 60 and 
controls the application of power to the workpiece 52 to achieve a desired workpiece 
temperature, a desired rate of temperature increase in the workpiece, etc. In addition, the 
control unit 252 is pre-programmed with operational control instructions that control how 
15 the control unit 252 responds to the programming instructions. Accordingly, the control 
unit 252 may comprise a processor and memory, such as RAM. 

There are a number of control schemes that may be used to control the application 
of heat to the workpiece. For example, an on-off controller maintains a constant supply 
20 of power to the workpiece until the desired temperature is reached, then the controller 
turns off. However, this can result in temperature overshoots in which the workpiece is 
heated to much higher temperatures than is desired. In proportional control, the 
controller controls power in proportion to the temperature difference between the desired 
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temperature and the actual temperature of the workpiece. A proportional controller will 
reduce power as the workpiece temperature approaches the desired temperature. The 
magnitude of a temperature overshoot is lessened with proportional control in 
comparison to an on-off controller. However, the time that it takes for the workpiece to 
achieve the desired temperature is increased. Other types of control schemes include 
proportional-integral (PI) control and proportional-derivative (PD) control. Preferably, 
the control unit 252 is programmed as a proportional-integral-derivative (PID) controller. 
However, the control unit also may be programmed with PI, PD, or other type of control 
scheme. The integral term provides a positive feedback to increase the output of the 
system near the desired temperature. The derivative term looks at the rate of change of 
the workpiece temperature and adjusts the output based on the rate of change to prevent 
overshoot. 

The control unit 252 provides two output signals to the power source 70 via the 
control cable 102. The power source 70 receives the two signals and operates in response 
to the two signals. The first signal is a contact closure signal 262 that energizes contacts 
in the power source 70 to enable the power source 70 to apply power to the induction 
heating cable 56. The second signal is a command signal 264 that establishes the 
percentage of available power for the power source 70 to apply to the induction heating 
cable 56. The voltage of the command signal 264 is proportional to the amount of 
available power that is to be applied. The greater the voltage of the command signal 264, 
the greater the amount of power supplied by the power source. In this embodiment, a 



11 



ITWO:0021 
13223 

variable voltage was used. However, a variable current may also be used to control the 
amount of power supplied by the power source 70. 

Referring generally to Figs 6 and 7, the electrical switches that provide signals to 
5 the control unit 252 include a run button 266, a hold button 268, and a stop button 270. 

In addition, a power switch 272 is provided to control the supply of power to the 
controller 72. The run button 266 directs the control unit 252 to begin operating in 
accordance with the progr amm i n g instructions. When closed, the run button 266 couples 
power through the power switch 272 to the control unit 252. In addition, a first relay 274 
10 and a second relay 276 are energized. When energized, the first relay closes first contacts 
278 and the second relay 276 closes second contacts 280. The relays and contacts 
maintain power coupled to the control unit 252 after the run button 266 is released. 

The hold button 268 stops the timing feature of the controller 72 and directs the 
15 control unit 252 to maintain the workpiece at the current target temperature. The hold 

button 268 enables the system 50 to continue operating while new programming 
instructions are provided to the controller 72. When operated, the hold button 268 opens, 
removing power from the first relay 274 and opening the first contacts 278. This directs 
the controller to remain at the current point in the heating cycle so that the heating cycle 
20 begins right where it was in the cycle when operation returns to normal. Additionally, 
the second relay 276 remains energized, maintaining the second contacts 280 closed to 
allow the power supply to continue to provide power to the induction heating coil 56. 

The run button 266 is re-operated to redirect the control unit 252 to resume operation in 
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accordance with the programming instructions. When re-operated, the first relay 274 is 
re-energized and the first contacts 278 are closed. The stop button 270 directs the control 
unit 252 to stop heating operations. In the illustrated embodiment, a circuit 281 is 
completed when the stop button 270 is fully depressed. The circuit 281 directs the 
5 control unit 252 to be reset to the first segment of the heating cycle. 

The I/O unit 254 receives data from the power source 70 and couples it to the 
control unit 252 and/or the parameter display 256. The data may be a fault condition 
recognized by the power source 70 or various operating parameters of the power source 
10 70, such as the voltage, current, frequency, and power of the signal being provided by the 

power source 70 to the flexible inductive heating cable 56. The I/O unit 254 receives the 
data from the power source 70 via the control cable 102. 

In the illustrated embodiment, the I/O unit 254 also receives an input from a flow 
15 switch 282. The flow switch 282 is closed when there is adequate cooling flow returning 

from the flexible inductive heating cable 56. When fluid flow through the flow switch 
282 drops below the required flow rate, flow switch 282 opens and the I/O unit 254 
provides a signal 284 to the control unit 252, causing the control unit 252 to direct the 
power source 70 to discontinue supplying power to the induction heating cable 56 or to 
20 place the system in a safe condition. For example, when the flow switch 282 indicates a 
low flow condition, a pump (not shown) in the fluid cooling unit could be directed to 
operate at a higher speed to correct the low flow condition. Additionally, the flow switch 
282 is located downstream, rather than upstream, of the flexible inductive heating cable 
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56 so that any problems with coolant flow, such as a leak in the flexible inductive heating 
cable 56, are detected more quickly. 



A power source selector switch 286 is provided to enable a user to select the 
appropriate scale for display of power on the parameter display for the power source 
coupled to the controller 72. The power selector switch 286 enables a user to thereby set 
the controller for the specific power source controlled by the controller 72. For example, 
the controller 72 may be used to control a variety of different powers having the same 
voltage range corresponding to the percentage output of the power source. Thus, a 5 volt 
output from a 50 KW power source would represent 25 KW while a 5 volt output from a 
20 KW power source would represent only 10 KW. The power source selector switch 
286 enables a user to toggle through a selection of power source maximum output 
powers, 5 KW, 25 KW, 50 KW, etc., corresponding to the maximum output power of the 
power source 72. 

The controller 72 also has a plurality of visual indicators to provide a user with 
information. One indicator is a heating light 288 to indicate when power source output 
contacts are closed to enable current to flow from the power source 70 to the induction 
heating cable 56. Another indicator is a fault light 290 to indicate to a user when a 
problem exists. The fault light may be lit when there is an actual fault, such as a loss of 
coolant flow, or when an improper power source 70 condition exists, such as a power or 
current limit or fault. 
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Referring generally to Fig. 7, the control unit 252 is programmed from the 
exterior of the controller 72. In addition, the exterior of the controller 72 has a number of 
operators and indicators that enable a user to operate the system 50. For example, the 
control unit 252 has a temperature controller 300 that enables a user to input 
5 programming instructions to the control unit 252. The illustrated temperature controller 
300 has a digital display 302 that is operable to display programming instructions that 
may be programmed into the system 50. In the illustrated embodiment, the digital 
display 302 is operable to display both the actual workpiece temperature 304 and a target 

□ 

,’R temperature 306 that has been programmed into the system 50. The digital display 302 

3. Li 

i,0 10 may also display other temperature information, such as the segment type/function and 

l ,a the programmed rate of temperature change. The illustrated temperature controller 300 

has a page forward button 308, a scroll button 310, a down button 312, and an up button 
j 314 that are used to program and operate the system 50. To program the control unit 252, 

m the page forward button 308 is operated until a programming list is displayed. 

P 15 

Additionally, the digital recorder 260 has a touch-screen display 322 that is 
present on the exterior of the controller 72. The illustrated touch-screen display 322 is 
operable to display temperature information from one or more temperature feedback 
devices 60. For example, the touch-screen display 322 is operable to visually graph the 
20 temperature of the workpiece over time. The touch-screen display 322 may be operable 
to display system operating parameter information, as well. The touch-screen display- 
322 is operable to display a number of icons that are activated by touching the touch¬ 
screen display 322. The illustrated touch-screen display 322 has a page up icon 324, a 
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page down icon 326, a left icon 328, a right icon 330, an option icon 332, and a root icon 
334. The touch-screen display 322 may have additional or alternative icons. The name 
of the system user who performed the inductive heating operation may be added for 
display on the touch-screen display 322. Other information, such as a description of the 
5 workpiece 52, may also be added for display. Additionally, the illustrated data recorder 

260 has a disc drive 336. The disc drive 336 is operable to receive data stored in the data 
recorder 260 for transfer to a computer system. In addition, or alternatively, to the disc 
drive 336, the recorder 260 may have the capability for networking, such as a RJ45 
network connection, and/or a PCMCIA card. 

10 

The power source 70 is operable to detect various power source parameters, such 
as when a fault condition exists or an operational limit has been reached. When a fault 
condition is detected by the power source 70, the power source 70 shuts itself down. The 
system continues to operate when an operational limit is reached. In both case, the power 
15 source 70 informs the controller 72 via the control cable 102 when the fault condition 

exists or the operational limit has been reached. The controller 72, in turn, energizes the 
fault light 290 on the controller 72 to indicate to an operator that a fault condition exists 
or that an operational limit has been reached. Preferably, the fault light 290 is larger and 
has a different color than other lights on the system 50. In addition, the placement of the 
20 fault light 290 on the controller 72, rather than the power source 70, increases its 

visibility to a user. Users are more inclined to look at the controller 72 than the power 
source 70. 
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Referring generally to Fig. 8, the power source 70 senses a number of operational 
parameters and provides limit and fault signals to the controller 72 when operation limits 
or fault limits are exceeded. In addition, the power source 70 is adapted to provide a 
5 visual indication of the specific fault or system limit that has been detected. In the 

illustrated embodiment, the power source 70 utilizes a series of LED’s to provide visual 
indications to assist a user in performing diagnostic checks of the system. 

=.y One of the system parameters sensed is current source current. A current source 

‘A 10 limit LED 502 is illuminated when an operational limit is reached in the amount of 

| f? 

current being supplied by the power source 70. A current source fault LED 504 is 

fi I 

l,f illuminated when a fault limit is reached in the amount of current being supplied by the 

L power source 70. The current source fault LED 504 is set to illuminate at a higher 

j;n current than the current source limit LED 502. Additionally, a signal is sent to the 

H 15 controller 72 to indicate the existence of a fault or limiting condition. 

Another system parameter sensed is the frequency of the current flowing from the 
power source 70. Power source indications include an over-frequency limit LED 506 and 
an over-frequency fault LED 508. The over-frequency limit LED 506 is illuminated 
20 when a high-frequency operational limit is reached in the current supplied by the power 
source 70. The over-frequency fault LED 508 is illuminated when a high-frequency fault 
limit is reached in the frequency of the current supplied by the power source 70. The 
over-frequency fault LED 508 is set to illuminate at a higher frequency than the over- 
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frequency limit LED 506. Additional indications include an under-frequency limit LED 
510 and an under-frequency fault LED 512. The under-frequency limit LED 510 is 
illuminated when a low-frequency operational limit is reached in the current supplied by 
the power source 70. The under-frequency fault LED 512 is illuminated when a low- 
frequency fault limit is reached in the frequency of the current supplied by the power 
source 70. The under-frequency fault LED 512 is set to illuminate at a lower frequency 
than the under-frequency limit LED 510. Additionally, signals are sent to the controller 
72 to indicate the existence of an over or under frequency fault or limiting condition. 

Still another system parameter that is sensed is reactive current. A current limit 
LED 513 is illuminated when an operational limit is reached in the amount of reactive 
current flowing within the power source 70. A current fault LED 514 is illuminated 
when a fault limit is reached in the amount of reactive current flowing within the power 
source 70. The current fault LED 514 is set to illuminate for a higher reactive current 
than the current limit LED 513. Additionally, signals are sent to the controller 72 to 
indicate the existence of a reactive current fault or limiting condition. 


Additionally, the voltage present in the tank circuit formed by the tank capacitor 
96 (See Fig. 3) and the induction heating cable 56 is sensed. A tank voltage limit LED 
20 516 is illuminated when an operational limit is reached in the tank voltage. A tank 

voltage fault LED 518 is illuminated when a fault limit has been reached in the tank 
voltage. The tank voltage fault LED 518 is set to illuminate at a higher tank voltage than 
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the tank voltage limit LED 516. Additionally, signals are sent to the controller 72 when a 
tank voltage fault or limit exists. 

The line voltage LED 520 illuminates when the line voltage to the power source 
5 deviates sufficiently from the expected voltage. The overtemp LED 522 illuminates 
when an over temperature condition exists in the power source 70. The load LED 524 
illuminates when there is no load or insufficient load is present to couple power to the 
induction heating cable 56. The ground fault LED 526 illuminates when a ground fault is 

s g detected. Fault signals are sent to the controller 72 when the line voltage LED 520, 

i n 

i, Q 10 overtemp 522, load LED 524, or ground fault LED 526 is illuminated. Finally, the 

in 

!;* contactor LED 528 is illuminated when the contactor within the power source 70 is 

' J: energized by the controller 72. 

j. j. 

j'U 

i;p Referring generally to Fig. 9, the system may be adapted with an audible alarm 

5 != a 

S.-Jf 

H 15 530, as well. The system 50 may also be adapted with other alarm and indication 

features. For example, the system 50 may be adapted with a communication circuit 532 
to enable the portable induction heating system to communicate electronically with an 
operator. For example, the communication circuit 532 may be a modem connected to a 
hard-line telephone connection, a wireless telephone, a radio or any other of a myriad of 
20 different possible communication systems. The communication circuit 532 may enable 
the system to call or page an operator having a wireless phone or pager 534 when there is 
a problem, such as a loss of cooling flow or a power source fault condition. 
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It will be understood that the foregoing description is of preferred exemplary 
embodiments of this invention, and that the invention is not limited to the specific forms 
shown. For example, many different types of flow switch may be used to provide an 
indication of the sufficiency, or insufficiency, of cooling fluid flow. In addition, the 
5 specific type of alarm or warning light may vary, as well. The warning lights may be 

LED’s or any other device operable to provide illumination. Additionally, the specific 
criteria for triggering an alarm or warning light may vary. These and other modifications 
may be made in the design and arrangement of the elements without departing from the 
scope of the invention as expressed in the appended claims. 
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